Abstract: The aim of this study was to evaluate the thermo-physiological comfort properties of surgical cotton gauze coated with chitosan (CH) and its effectiveness for the prevention of bacterial colonization. Gauze was coated with CH at mass fractions of 0.50, 0.25, 0.125, 0.10, 0.063 wt% and the friction, flexibility, thermal, moisture management and mechanical properties were evaluated. The best performing gauze in terms of comfort (0.125 wt%) was further evaluated for its ability to inhibit the growth of microorganisms such as bacteria and yeast. Results indicate that the functionalized medical gauze could induce low friction on the wound bed allowing a good degree of moisture and high absorption capacity of wound exudates. Moreover, it shows antimicrobial properties against medical-relevant pathogens. This biofunctional medical gauze demonstrates to deliver an efficient antimicrobial coating and promote the best conditions for maintenance of the wound microenvironment.
Introduction
A dermal wound is defined as a disruption in the integrity of the skin caused by trauma, abrasion, burns or ulcers, leading to an inadequate performance of its functions. Excessive exudates can impair wound healing and promote bacterial colonization causing difficult-to-treat infections and other complications. Thus, it is vital to restore the skin integrity and function as soon as possible [1] . One of the main roles of intact skin is to act as a barrier for the penetration in the body of the potentially harmful microbial population living on the skin surface. Indeed, when a dermal wound occurs, the skin becomes more susceptible to the colonization of bacteria and fungi [2] . For example immediately after an burn injury, Gram-positive bacteria such as Staphylococcus epidermidis and Staphylococcus aureus may rapidly colonize the wounds [2] . Later, Gramnegative organisms like Pseudomonas aeruginosa or Escherichia coli or fungi species such as Candida albicans may also be implicated [2] [3] [4] . The infections caused by these microorganisms may lead to increased mortality, morbidity, length of hospital stay and consequently costs to clinical settings, thus it is extremely important to provide strategies to prevent wound infection and/or promoting a proper wound healing [5] . Therefore, an aseptic, pathogen-free, environment is very important in helping the wound healing process and equally important a proper wound healing strategies should also include moist management. Maintaining a moist wound environment has been regarded as a key issue in order to facilitate the healing process. The moist environment prevent tissue dehydration and cell death, accelerate angiogenesis, increase the breakdown of dead tissue and fibrin and potentiate the interaction of growth factors with their target cells [6, 7] . However, it is also important to note that excessive moisture, e.g. over production of exudate in the wound, may adversely affect healing. It is necessary to provide a moisture balance to obtain an optimal environment for wound healing [8] . Excessive exudate slows down or even prevents cell proliferation, interferes with growth factor availability and contains elevated levels of inflammatory mediators and activated matrix metalloproteinases (MMPs), which impair the healing process [9] . Therefore, the ideal wound dressing material should comprise properties that: i) permits a balanced moisture at the wound site, i.e. being capable of absorb excess of exudates but maintaining certain levels of moist, ii) prevent bacterial infections, iii) do not adhere to the wound bed and iv) to be soft; in order to accelerate wound healing and reduce pain and discomfort [10] [11] [12] .
Nowadays, many sophisticated dressings made of a wide range of polymeric materials are available to the wound care practitioner. Polymers may be used alone or in combinations thereof, being processed in different dressing designs such as films, foams, fibrous materials, beads, hydrogels, hydrocolloids or even pharmaceutical sprays comprising nano/micro-particulate systems [13] [14] [15] . Although many of these strategies are considered effective in helping wound healing, they have the main drawback of being highly expensive. There is a tremendous pressure on the medical system to develop costeffective therapies.
One common strategy to obtain inexpensive wound dressing materials is to impart to cotton gauzes added value properties through functionalization with bioactive agents. Cotton gauze is the most commonly used textile for wound management (mainly for cleaning purposes). It is effective in removing blood and exudate from the wound site but promotes dryness and adherence to the wound surface, which cause considerable pain upon removal [16] . Moreover, it can provide suitable media for the growth of microorganisms due to its hydrophilic property retaining moisture, oxygen and nutrient [17] . In order to overcome such drawbacks several works have proven the potential of modified cotton gauze as wound dressings [16, 18, 19] . The application of chitosan, a polysaccharide with homeostatic and antimicrobial properties, onto cotton fabrics has been widely reported to provide wound infection control without losing the inherent textile characteristics of the gauzes [20] [21] [22] [23] . However, none of these works provide a comprehensive characterization of functionalized cotton gauzes in terms of their capacity to provide comfort to the patient, apart from its antimicrobial and moisture control properties [24] [25] [26] [27] [28] [29] .
The goal of this work was to obtain simple, cost-effective added-value chitosan-impregnated cotton gauzes with antimicrobial and comfort properties for wound healing purposes, without losing their inherent textile characteristics. The material was tested against the Gram-positive Staphylococcus aureus (S. aureus), the Gram-negative Escherichia coli (E. coli) and the fungi species Candida albicans (C. albicans). Some essential factors for the development of confortable and efficient wound dressings like thermal properties, water vapour permeability, water uptake, and the amount of vertical wicking, were also determined.
Experimental

Materials
Chitosan (DD 85 %, ChitoClear hq95-43000, Mw=350 kDa) was purchased from Primex (Iceland) and Gauze Cambric from Alvita 100 % cotton, with a yarns density of 9 warps and 7 weft for cm 2 . The microorganisms used in this study were the Gram-positive bacterium S. aureus (ATCC 6538), the Gram-negative bacterium E. coli (ATCC 434) and the yeast Candida albicans (C. albicans) SC5314 selected according to the standard JIS L 1902. All the other materials were purchased from Sigma-Aldrich and used without further purification.
Preparation of Chitosan Coating
0.50, 0.25, 0.125, 0.10, 0.063 g of chitosan (CH) were dissolved in 100 ml of distilled water with 1 % of acetic acid. The solutions were stirred at 300 rpm for 30 min at 70 ºC. The heating was kept until the chitosan was completely dissolved. The mixture was stirred until room temperature was reached. The coating CH solutions were applied to gauze fabrics by a simple dip coating method. Each fabric was dipped in the CH solution at room temperature for 5 minutes under stirring conditions. The excess coating was then removed by gently rinsing with distilled water and the gauze dried in an oven for 12 hours at 50 o C [30] .
Coated Fabric Weight and Thickness
The fabric thickness was measured using a digital micrometer (Mitutoyo, Japan) with an accuracy of 0.5 mm. 10 thickness measurements were taken on each test sample at different, randomly chosen points. The mean value was used to infer the average chitosan coating thickness.
FTIR-attenuated Total Reflection Spectroscopy (ATR-FTIR)
FTIR spectra of cotton gauzes were collected on a FTIR spectrometer (IRAffinity-S1, SHIMADZU, Japan) using a single reflectance ATR cell equipped with a diamond crystal using air at 20 o C as background. All data were recorded at 20 ºC in the spectral range of 4000-400 cm -1 , by accumulating 45 scans with a resolution of 4 cm -1 . All measurements were performed in triplicate.
Scanning Electron Microscopic (SEM)
Morphological analyses of coated chitosan gauzes were carried out with an Ultra-high resolution 
Air Permeability
Air permeability tests of the investigated gauzes were done according to NP EN standard ISO 9237:1997 using a head area of 20 cm 2 and differential pressure of 100 Pa. Air permeability is the rate of air passing perpendicularly through a known area under a prescribed air pressure differential between the two surfaces of a material. Air permeability was measured on a FX 3300 air permeability tester by Textest AG, Switzerland at the standard condition of 65 % RH and 20 o C. Average of 10 readings was taken and the data are reported as mean±standard deviation.
Thermal Properties
Thermal properties (thermal conductivity, thermal resistance and heat flux) of gauzes were measured on an Alambeta instrument (Sensora, Czech Republic) and tests performed according to standard ISO EN 31092-1994. The Alambeta simulates the dry human skin and is based on the principle of measurement of heat power passing through the test fabric due to the difference in temperature between the bottom measuring plate (22 o C) and the top measuring head (32 o C). The hot plate comes in contact with the fabric sample at a pressure of 200 Pa. As soon as the plate touches the fabric, the amount of heat power transferred from the hot surface to the cold surface through the fabric is detected and processed to calculate the thermal parameters of fabric. Average of 10 readings was taken for each sample and the data are reported as mean±standard deviation.
Water Vapour Permeability
The water vapour permeability was determined on SDL Shirley Water Vapour Permeability Tester M-261, according to standard BS . As per the British standard the test specimen is sealed over the open mouth of a test dish which contains water and the assembly is placed in a controlled atmosphere of 20 o C and 65 % relative humidity. Following a period of 1 hour to establish equilibrium of water vapour pressure gradient across the sample, successive weighing of the assembled dish were made and the rate of water vapour permeation through the specimen is determined. All the experiments were replicated 5 times, and the data are reported as mean±standard deviation.
Vertical Wicking
Vertical wicking tests were performed at 20±2 o C and 65±2 % of relative humidity. Specimens of 20 cm×2.5 cm cut along the wale-wise and course-wise directions were suspended vertically with its bottom end dipped in a reservoir of distilled water. The bottom end of each specimen was clamped with a 1.2 g clip to ensure that the bottom end was immersed vertically at a depth of 30 mm into the water. The wicking heights were measured every minute for 10 min. All the experiments were replicated 5 times, and the data are reported as mean±standard deviation.
Water Uptake
The water uptake of surgical gauze was also monitored during vertical wicking tests. After 10 minutes of gauze (20 cm×2.5 cm) immersion the water weight was assessed and compared with the initial water weight (200 g). All the experiments were replicated 5 times, and the data are reported as mean±standard deviation.
Flexibility (Bending)
FB Kawabata Evaluation System (KES-FB) was used to measure flexibility at 20±2 o C and 65±2 % of relative humidity. The parameters obtained from the hysteresis curves were displayed according to the Kawabata evaluation system for fabric handle. Specimens of 20 cm×20 cm were measured in weft and warp directions. All the experiments were replicated 5 times, and the data are reported as mean±standard deviation.
Surface Friction
The surface friction of the surgical gauzes was measured by a FRICTORQ device (University of Minho, Portugal) at the standard condition of 65 % RH and 20 o C. Frictorq is based on a rotary movement and measurement of the friction reaction torque. The principle is based on an annular shaped upper body rubbing against a flat lower fabric. The fabric sample is forced to rotate around a vertical axis at a constant angular velocity. The coefficient of kinetic friction is then proportional to the torque measured by means of a high precision torque sensor. All the experiments were replicated 5 times, and the data are reported as mean±standard deviation.
Antimicrobial Assay
Antimicrobial characteristics of the samples were evaluated using the standard method for testing antibacterial and antifungal activity and efficacy on textile products according to Standard JIS L 1902 :2002 . It was used a quantitative method, the absorption method, with the modifications proposed by Pinho et al. [70] . Briefly, inocula of E. coli and S. aureus were prepared in 20.0±0.1 ml of TSB (Tryptic Soy Broth, Merck) and an inoculum of C. albicans was prepared in 20.0±0.1 ml of SDB (Sabouraud dextrose broth, Merck) and incubated for a period of 18 to 24 h at 37±1 o C under agitation (120 rpm). Subsequently, microbial concentrations were adjusted to 3×10 8 cells/ml via absorbance readings, and based on a corresponding calibration curve. An aliquot of each suspension (400 µl) was added to 20 ml of TSB for E. coli and S. aures and to 20 ml of SDB for C. albicans, and incubated for 3.0 h at 37±1 o C. The microbial concentration was again measured and 3×10 5 cells/ml were obtained using a 20-fold dilution of the respective medium (in distilled water). The specified volume of this inoculum was then added to each sample. Samples were incubated for 18 to 24 h at 37±1 o C. Subsequently, 20 ml of physiological saline solution (8.5 g of NaCl and 2.0 g of non-ionic surfactant Tween 20 (Sigma Chemical Co.) per litre) were added to the samples, which were then vortexed. The number of living cells was assessed by the serial dilution plate count method. All assays were performed in triplicate and repeated in three independent assays. Following incubation, ratio of microbiostasis was calculated using the formula:
When the growth value is more than 1.5, the test is judged to be effective, and when the growth value is 1.5 or less, the test is judged to be not effective. When the test is not effective, a retest is necessary. When the quantitative test has been effective, the bacteriostatic activity value should be calculated in accordance with the following equation:
and the bactericidal activity according to:
where, F is the growth value, and S and L are the bacteriostatic and bactericidal activity values, respectively. Ma is the average of common logarithm of number of living bacteria of three test pieces immediately after inoculation of inoculum on standard cloth. Mb is the average of common logarithm of number of living bacteria of three test pieces after 18 h incubation on standard cloth. Mc is the average of common logarithm of number of living bacteria of three test pieces after 18 h incubation on antibacterial treated sample.
Results and Discussion
The ideal wound dressing should comprise optimal properties such as the ability to create a moist, clean and warm environment, provide hydration if dry, remove the excess of exudate, protect the periwound area, allow gaseous exchange, be impermeable to microorganisms, prevent the release of particles or fibres, reduce pain and discomfort to the patient, be easy to use and finally be cost-effective [10] . Therefore, five different concentrations of chitosan have been impregnated onto cotton gauze and the obtained material was tested for the better conditions in terms of comfort and infection control properties. Chitosan gelling action on contact with exudate reduces dressing adhesion to the wound bed, thus promoting patient comfort and reducing pain at dressing change. In order to estimate the minimal discomfort during application and removal, the analysis of the bending and friction coefficient properties was carried out. The thermo-physiological comfort analysis involves the assessment of the correct thermal and moisture conditions at the surface of the skin in order to provide a confortable feeling. Thus, thermal properties, air and water vapour permeability, vertical wicking and water uptake properties were measured. The best-performing functionalized cotton gauze was further evaluated in terms of capability to provide infection control.
ATR-FTIR
ATR-FTIR was used to confirm the presence of chitosan in the treated cotton gauze (Figure 1 ). Only the pure cotton gauze and the gauze coated with the highest concentration of chitosan were analysed. Figure 1(A) shows the dominant absorption peaks at 3330, 2900, 1430 and 1020 cm -1 were respectively attributed to the ν(O-H), νs(CH2), δ(CH-O-H) and ν(C-O) of pure cellulose [31] . The intensities of methylene peaks at 2920 and 2850 cm -1 are attributed to the asymmetric and symmetric CH 2 stretch and in the case of pure cellulose indicating the amount of waxes remaining on the fabric, but in the case of the coated fabric its increase can be related to the amount of chitosan (Figure 1(B) ). The increase of the peaks between 990-1100 cm -1 after chitosan deposition may be attributed to the C-O stretching of free and condensed C-OH groups [32] . The intensification of the band at 1640 cm -1 in the chitosan treated gauze can be related to the carbonyl stretching of the secondary amide band (amide I) of the pure chitosan [33] . The band around 1580 cm -1 can be assigned to C-N stretching vibration and refers to the amide group because of the NH 2 bending vibration [34] . This last band is therefore not observed in the control cellulose gauze spectra and it can be clearly assigned to the NH 2 bending vibration of the amide group of chitosan [34] . The presence of the characteristic peaks of the amide I and amide II, denoting the presence of the acetyl group and confirm that chitosan is partially in the deacetylated form [35] . In this study, the DD of chitosan is 85 %. The FTIR results suggest that a strong interaction occurs between the chitosan and cotton gauze [36] .
SEM
SEM micrographs of untreated and chitosan treated (0.125 wt%) cotton gauze samples are shown in Figure 2 . Chitosan deposition results in a unique morphological form, having a more smooth and homogenous surface than the unmodified form. It is evident from these micrographs that the formed chitosan coating in the form of slim membranes appears homogeneously on and between cotton fibres surface leading to smoother yarns with a considerable reduction in protruding loose fibres (Figure 2 -bottom line) .
Bending Properties
All chitosan coated cotton gauzes show an increase in thickness and weight. After chitosan coating, thickness of cotton gauze has increased about 30 % for the Gauze with the higher amount of chitosan (CH0.500) and 14 % for the gauze with the lower one (CH0.063). At the same time, cotton gauze weight had increased about 5% for Gauze CH0.500 and 1.5 % for Gauze CH0.063 (Table 1 ). The increase in thickness and weight are directly related with bending stiffness of a fabric that is an important mechanical property that influences its handle, formability and ultimately the comfort properties in a number of medical applications [37] . Fabric flexibility and ability to recover after bending were extrapolated by measuring bending rigidity and bending hysteresis. Table 2 represents the changes of bending rigidity coefficient and bending moment at different chitosan concentrations (from 0 to 0.5 wt%) in warp and weft directions. Linear dependencies between bending rigidity B and concentration of chitosan were observed in all , that is calculated as the mean bending stiffness of two slopes and the bending hysteresis (2HB) value in Nm m -1 that is obtained by reading the hysteresis width at curvature ±1. Bending rigidity represents the resistance of fabric against flexion and bending hysteresis can be considered as a measure of fabrics ability to recover [38] . In one hand, the increase in bending rigidity in the warp direction is higher than in the weft direction due to the different yarn linear densities used for the fabric assembly. On the other hand, bending hysteresis values in weft direction are 1.7 times lower than in warp direction. The observed increase of hysteresis values (lower bending recovery) in the highly dense chitosan-treated yarns in warp direction is due to the higher resulting inter-fibre friction [39] .
Surface Friction
Chitosan coating does not only provide special functionalities to the cotton gauze, it also imparts stiff and rough feelings difficulting its handle or use. The surface of a textile fabric is not uniformly flat and smooth and traditional cotton gauze adherence of the dressing to the wound often cause frictional trauma on removal resulting in hypertrophic scarring [40] . A low values of coefficient of kinetic friction can be used as acceptable indicator of a smooth fabric surface even if alone it can be insufficient for surface characterization [41] . In Figure 3 it is clear that the coefficient of kinetic friction decreases with the increase in chitosan concentration. The result shows a decrease of 24 % in the cotton gauze coated with 0.5 wt% of chitosan in relation to control gauze. The presence of chitosan seems to significantly reduce friction potentially avoiding the risk of epidermal damage, upper dermal skin layers or sheet burns.
Thermal Properties
The heat transfer through a textile fabric is a complex process involving heat conduction, radiation and convection through and within air, fibres and fabric. However, it is proved that the heat transfer in a textile fabric is mainly dependent on thermal conduction and in minor part (20 %) to radiation [42] . The property used to measure this transfer is thermal conductivity that is defined as the measure of heat flux heat (energy per unit area per unit time) passing though a unit thickness under a unit of heat difference. Thermal conductivity is directly proportional to the heat flux, thus, the more increase thermal conductivity, the more increase heat flux [43] . On the other hand, thermal resistance is inversely proportional to thermal conductivity. It represents the temperature difference across a unit area and unit of thickness when a unit of heat flux pass trough the fabric in a unit of time. Thermal resistance can be used to quantitatively evaluate the capacity of a fabric in providing an efficient thermal barrier or in other words, to express the thermal insulation ability of a fabric.
All the chitosan-coated gauzes display lower thermal conductivity (Figure 4(A) ) and higher thermal resistance (Figure 4(B) ) values than the control gauze due to the enhanced fabric weight and thickness. The gauze with 0.5 wt% of chitosan shows the best results displaying the lowest thermal conductivity and the higher thermal resistance due to the larger thickness and the greater amount of air entrapped in the structure of the fabric. Thus, it seems that 0.5 wt% chitosan coated gauze is able maintain a degree of thermal insulation to provide optimum temperature for cell proliferation. The presence of chitosan reduces the heat flow indicating a relatively warm feeling when it touches human skin (Figure 4(C) ). Thermal insulation keeps the wound surface warm improving the blood flow to the wound bed and enhancing epidermal migration [44] . In dry fabrics, such as the evaluated gauzes, thermal insulation depends essentially on fabric thickness and, to a lesser extent, on fabric construction and fibre conductivity [45] .
Air Permeability
Air permeability is one of the most important parameters for wound dressings. It is defined as the volume of air which is passed in a certain period of time through a known area of the fabric at a defined pressure difference between the two surfaces of the fabric [46] . A medical dressing must be permeable for gases in order to prevent maceration and gives comfort to the patients, but an excessive air permeability could dry out the wound and have a negative effect on healing [47] . In fibre-based dressings air permeability is mainly affected by the porosity since, for obvious reasons, the passage of air through a fabric can only take place in the spaces among fibres and yarns [48] . In Figure 5 are represented the values of air permeability of the gauzes coated with different concentrations of chitosan. Air permeability decreases with the increase in chitosan concentration denoting considerable changes in the porosity of the cotton gauze after chitosan addition. Control gauze shows the highest air permeability being unable to maintain a reasonable moist wound environment. After chitosan coating, the spaces between warp and weft directions are partially filled with chitosan, resulting in a decrease of the inter-fibre distance and the quantity of channels. Based on exposed results, only the concentrations of chitosan 0.125, 0.250 and 0.5 wt% have satisfactory air permeability to ensure and maintain optimal wound healing conditions.
Water Vapour Permeability
Water vapour permeability measures the capability to diffuse perspiration or wound exudate in form of moisture vapour through a fabric. In a dressing the best comfort condition depends mainly to the amount of moisture vapour a fibre is able to transport and not to the amount of water that is absorbed by the fibre [49] . The ideal dressing should be able to control the evaporative water permeability rate in order to maintain a balanced moisture environment thus promoting comfort and healing process without causing maceration [50] . Specifically, a wound dressing must be enough permeable to ensure that moist exudates under dressing are maintained and at the same time inhibit an excess fluid absorption and evaporation that could lead to desiccation of the wound bed [51] . In Figure 6 can be clearly observed that water vapour permeability slightly decreases after chitosan addition but at least a concentration of 0.125 wt% of chitosan is necessary to have an observable effect.
It is known that fabric air permeability and water vapour permeability are not correlated properties [52, 53] . Moreover, in fabrics made of a single type of yarn the water vapour transmission rate do not usually depends on fibre-related factors, such as cross-sectional shape and moisture absorbing properties but is primarily a function of fabric bulk density. In fact, in this low-density gauze, increased thickness and weight seems to be significantly correlated to water vapour permeability which is in turn strongly affected by the macroporous structure of fabric [54] . The addition of chitosan to cotton causes strong intermolecular hydrogen interactions between the similar polysaccharidic structures of the two polymers resulting in a decrease of the inter-fibre distance and accessibility of the hydrophilic groups, reducing the water vapour transmission rate [55, 56] .
Vertical Wicking
Liquid moisture transportation on a fabric is due to a wetting process followed by wicking. Wetting is the initial process of fluid spreading where the fibre-liquid interface replaces fibre-air interface. Wicking is the flow of a liquid through the porous media characterized by the fibre-liquid molecular attraction at the surface. Surface tension, effective capillary pathways and pore distribution are the main variables responsible for the wicking ability in a textile fabric [57] . Hygroscopic dressings based in natural fibres such as cotton are characterised by high liquid moisture transportation and absorption in order to allow the remove of excess exudate from the wound. An efficient level of absorption prevents lateral wicking that can cause maceration at the edge of the wound and maintains a reasonable degree of moist for wound healing [58] . However, wetting have to be controlled since can cause the fabric to swell, changing the geometry among capillary space positions, increasing the weight of the dressing and ultimately affecting the vertical wicking ability. In Figure 7 are shown the vertical wicking heights of the coated gauzes after ten minutes in warp and weft directions. The gauze coated with 0.5 wt% of chitosan showed the lowest wicking heights (~1 cm). All the other samples display better wickability and higher absorption in weft direction as compared to warp direction. This is because in this gauze the weft yarn diameter is larger than the warp one. In warp direction only the 0.25 and 0.5 wt% chitosan concentrations show different wicking height compared to the control gauze (Figure 7(A) ). On the other hand, in weft direction all the chitosan concentrations display a lower wicking height than control gauze ( Figure  7(B) ).
Overall, the presence of chitosan greatly improves the dressing ability to retain liquid, as the fluid is entrapped within its structure. The polymer blocks the water molecules movement maintaining for a longer time a moist environment for wound healing. Since, cotton gauze wickability decrease by increasing chitosan concentration, it is important to found an ideal chitosan concentration in order to maintain a moist environment and at the same time avoid maceration [59] .
Water Uptake
One of the most important function of a wound dressing is its ability to absorb fluid from a highly exuding wound maintaining a moist environment in a dry wound [60] . It is clear that high chitosan concentrations significantly reduce the absorptive capacity of cotton gauze. This effect is due to the reduction in porosity and availability of hydrophilic groups due to the hydrogen bond interactions between cellulose and chitosan. The higher water uptake at moderate concentration of chitosan could be attributed to the high hydrophilicity of both cellulose and chitosan polymers resulting in water diffusing very rapidly through the coated gaze [61] . Higher chitosan concentrations did not give off the absorbed water and limits the water access to the cellulose fibres of cotton gaze. This limits the ability of the dressing to preserve water that is one of the most important issues in wound healing. Effective wound dressings must be able to maintain a prolonged moist microenvironment to improve the epithelialization of wound while preventing the formation of the scab [62] .
Cotton gauzes up to 0.100 wt% of coated chitosan show an increase in water uptake compared to control gauze. The water uptakes of the cotton gauze with 0.125 wt% show very similar values to the control gauze. Further increase in chitosan concentration (0.25 and 0.5 wt%) leads to significant lower values of water uptake (Figure 8 ). Observed water uptake in weft direction is the double than that in warp direction for all tested samples. The gaze coated with 0.5 wt% of chitosan shows an impressive decrease in water uptake of about 77 % in warp direction and 78 % in weft direction. These results clearly showed that the water absorption capacity of the gauzes, and consequently, their ability to remove exudate from the wound could be tailored by tuning chitosan content.
Antimicrobial Properties
The best performing chitosan-coated gauze in terms of thermo-physiological comfort properties was further tested for its antimicrobial properties in accordance with Japanese Standard JIS L 1902:2002. Gram-negative (E. coli) and Gram-positive (S. aureus) bacteria, as well as fungi (C. albicans) were tested and the results presented in Table 3 . Typically, an antimicrobial agent may possess either bacteriostatic or bactericidal properties. Bacteriostatic activity means that it prevents the multiplication of bacteria without destroying them while bactericidal implies the forthright killing of the organisms. As the growth value (F) obtained from the number of living microorganisms, after being in contact with 0.125 wt% chitosan-impregnated cotton gauze, is always higher than 1.5 the tests were judged to be effective. According to the standard, a value of bactericidal activity (L) higher than zero is an indication of bactericidal activity, while bacteriostatic properties begin with (S) values exceeding 2. The results has shown that medical gauze when coated with chitosan reveals significant bactericidal and bacteriostatic activity against both bacteria (S>2 and L>0) but showed only a fungistatic activity (S>2 and L=0) against the fungi C. albicans.
The significant bactericidal activity against both bacteria is a quite interesting result because of the used low concentration of chitosan. Similar results have only been obtained when chitosan was carboxymethylated [63] or when it was combined with other bactericidal agents such as zinc oxide [64] or silver nanoparticles [65] . This might be due to the fact that higher concentrations of chitosan are usually assumed to be needed for obtaining an antimicrobial textile owed to its reported high values of minimum inhibitory concentration (above 2 mg/ml in solution) [66] . The electrostatic interactions between the protonated amino groups of chitosan -NH 3 + and the negatively charged microbial cell membranes are known to be essential for its antimicrobial and antifungal properties [67] . At lower concentrations (<0.2 mg/ml), the polycationic chitosan binds to the negatively charged bacterial surface to cause agglutination, while at higher concentrations, the larger number of positive charges impart a net positive charge to the bacterial surfaces to keep them in suspension. Another hypothesis is that chitosan interacts with the membrane of the cell to alter cell permeability, which leads to its disruption and subsequently leakage of proteinaceous and other intracellular constituents [20] . Nevertheless, the actual mechanism has not yet been fully elucidated. In this work, it may be assumed that the chosen concentration favours the mobility of the chitosan macromolecules and their interaction with the membrane of bacteria impeding the occurrence of a steric hindrance effect between chitosan and bacteria. Regarding fungistatic activity, the results are in good agreement with the literature, which report that chitosan possess fungistatic rather than fungicidal properties [67] . Similarly to the effects observed in bacteria cells, chitosan interferes directly with fungal growth by inhibiting cell wall morphogenesis [68] . The suggested mechanism involved a permeable chitosan film formed on the crop surface which interfered with the fungal growth and activated several defence processes like chitinase accumulation, proteinase inhibitor synthesis, callus synthesis and lignification [69] .
Conclusion
In this work, chitosan-coated cotton gauze with antimicrobial properties has been developed with concomitant evaluation of the best thermo-physiological comfort properties, providing an added value material for wound healing purposes able to reduce pain and discomfort to the patient. Different concentrations of chitosan have been impregnated onto cotton gauze and the best performing material in terms of comfort was assessed. An exhaustive characterization of the different functionalized cotton including the moisture control and dressing comfort properties was carried out, which allowed concluding that through the application of 0.125 wt% of chitosan onto cotton gauze, a material with enhanced flexibility, thermal properties, water and air permeability, moist management and low adherence properties was obtained. Despite the used low concentration of chitosan the functionalized cotton gauze further presented bactericidal activity against S. aureus and E. coli, and fungistatic activity towards the fungi C. albicans. This dressing configuration shows high potential in wound healing applications preventing wound microbial contamination and providing the proper healing environment at the same time promoting conformability to the wound area and comfort to the patient.
